ROLLING-BEARING AND BEARING UNIT 

Cross Reference to Related Applications 

This is a continuation of pending U.S. Application 10/029,419 filed December 20, 

2001. 

Field of the Invention: 

This invention relates to a rolling-bearing and a bearing unit that are used in fields 
such as information-processing equipment, aerospace, airplane and semiconductors. 

Description of the Related Art: 

In order to improve resistance to wear, and reduce the generation of dust particles 
of a rolling bearing, the following methods have been proposed as methods for surface 
finishing of the raceway surfaces. 

Japanese patent publication No. Toku Kai Sho 62-24956 proposes a method of 
using lapping tape coated with cubic boron nitride (CBN) abrasive grain to lap the 
raceway groove (raceway surface). 

Japanese patent publication No. Toku Kai Hei 3-84218 proposes a method of 
finish-grinding the circumferential seal groove of the races simultaneously when 
finish-grinding the inner-raceway surface and outer-raceway surface, using the same 
grinding abrasive. 

Recently, rolling bearings having very high resistance to wear, low generation of 
dust particles, good resistance to damage, and good acoustical characteristics, as well a 
having low degradation due to vibration and little change in torque are desired. For 
example, having low generation of dust particles (reduction of contamination) in rolling 
bearings that are used in information-processing devices such as hard disc drives (HDD), 
or in aerospace devices such as artificial satellites, is in great demand. Development of 
rolling bearings that will satisfy this strict demand is desired. 

Conventionally, it has been possible to reduce contamination by washing in the 
assembly process after surface finishing, however, it is difficult to reduce contamination 
any further using just this method. 
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It is thought that by improving finished surfaces, such as the raceway surfaces, it 
is possible to further reduce contamination. However, in the surface finishing method 
described in Japanese patent publication No. Toku Kai Sho 62-24956, finishing is 
performed by machining, so it is difficuh to remove very small burrs from the machined 
surfaces, and it is difficult to remove remaining abrasive, particularly sticked thorn-like 
abrasive. Further, it is difficult to remove minute burrs even by performing supersonic 
washing for a long period of time. 

The surface finishing method described in Japanese patent publication No. Toku 
Kai Hei 3-84218 is effective in removing large burrs and sludge, however, since finishing 
is performed by machining, it is difficult to remove remaining abrasive, particularly 
sticked thom-like abrasive. 

Summarv of the Invention 

In consideration of the problems described above, it is an object of this invention 
to provide a rolling bearing in which contamination is greatly reduced. 

Brief Description of the Drawings 

Fig. I is a cross sectional view to show part of a bearing in a first embodiment of 
the present invention. 

Fig. 2 is a cross sectional view to show part of a bearing in a second embodiment 
of the present invention. 

Fig. 3 (A) and Fig. 3 (B) are a flow chart to explain the production steps of the 
present invention. 

Fig. 4 is a graph to compare an example of the present invention with a 
comparative example. 

Description of the Preferred Embodiments 

The rolling bearing of this invention comprises races having a raceway and rolling 
elements having a rolling contact surface; and a surface layer is formed on at least the 



KAM 19.295A (100799-00086) 
11170398.01 



-2- 



raceway of the races by machining at least the surface of raceway and dissolving the 
machined surface electrochemically or chemically to form the surface layer. 

Electrolytic polishing, chemical polishing, composite electrolytic polishing or 
composite chemical polishing can be given as examples of the method of 
electrochemically or chemically dissolving the machined surface. 

In this invention, it is preferable that the machined surface be super-finished 
before performing electrochemical or chemical processing. 

Also, in this invention the surface layer is formed by electrochemically or 
chemically dissolving the machined surface of at least the raceway of the races. 
Particularly, by forming surface layers over the entire races by machining the entire races 
and then electrochemically or chemically dissolving the machined surfaces, 
contamination is removed, and thus it is possible to further improve the reduction of 
contamination. 

Instead of using mechanical means, this invention removes contamination by 
electrochemically or chemically dissolving minute particles (contamination) such as 
abrasive that remains on the machined surfaces of the races. By performing 
electrochemical or chemical processing in this way, it is possible to remove any 
unevenness of the machined race surfaces and create surfaces with very little roughness. 
It is difficult for minute particles to adhere to surfaces with little roughness, so it is 
possible to easily remove by washing any adhering minute particles. This also makes it 
possible to do away with any minute particles from being brought inside the bearing 
during bearing assembly. 

When this invention is applied to a method of manufacturing a rolling bearing 
comprising races having a raceway, and rolling elements having a rolling contact surface, 
for example, it is possible to perform grinding and then super-finishing on the surface of 
the raceway, then form the surface layer on at least the raceway of the races by 
electrochemically or chemically dissolving the machined surface, and then wash the races 
before assembling the races with the other parts of the bearing. 

In Japanese patent publication No. Toku Kai Hei 6-173958, it is proposed that 
composite electrolytic polishing or composite chemical polishing be performed for the 
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surface of a punched-out retainer. However, it does not mention performing 
electrochemical processing or chemical processing of races. Also, this same publication 
does not consider at all very small burrs on the machined surface of races, such as are 
considered in this invention. The technology of this same publication is totally 
incapable of reduction of contamination as is obtained by this invention. 

In Japanese patent publication No. Toku Hyo 2000-51 1267, performing 
electrochemical processing of races is proposed. However, the technology used in the 
same publication is related to the shape of the electrode and is completely different from 
this invention. This same publication does not mention and is not related to performing 
electrochemical processing on the races after super-finishing of the races. Also, with the 
technology of this same publication, it is not possible to form a surface layer over the 
entire races by electrochemically or chemically dissolving the machined surfaces of the 
races. 

The rolling bearing of this invention is most suitable for use in 
information-pressing devices such as a HDD or in rotating parts in artificial satellites. 
Some examples of rotating parts in artificial satellites include: flywheels, expansion 
mechanisms and motor for solar-battery paddles, antenna expansion mechanisms, 
actuators for docking mechanisms, and robot arm manipulators, radiometer, switches, etc. 

A feature of this invention in the case of a rolling-bearing unit comprising a 
rotating shaft of a flywheel for attitude control of an artificial sateUite and a rolling 
bearing provided for supporting the rotating shaft and having races formed with a 
raceway and rolling elements formed with rolling surfaces, wherein a machined surface is 
formed on at least the raceway of the races and a surface layer is formed on the machined 
surface by electrochemically or chemically dissolving the machined surface. 

The preferred embodiments of the invention will be explained based on the 
drawings. Fig. 1 shows a first embodiment of the rolling bearing (angular ball bearing) 
10 comprising an inner race 11, outer race 12, a plurality of balls 13 that are located 
between the inner and outer races 11, 12, and a retainer 14 for holding balls 13 at uniform 
intervals around in the circumferential direction. The inner and outer races 11,12 and 
the balls 13 are made of martensite stainless steel (SUS440C) or the like. A groove 15 
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that functions as the inner-ring raceway is formed on the outer peripheral surface of the 
inner race 11, and a groove 16 that functions as the outer-ring raceway is formed on the 
inner peripheral surface of the outer race 12. 

This embodiment is directed to a rolling bearing for the flywheel for attitude 
control of an artificial satellite. 

In order to control the attitude of an artificial satellite, a method of installing a 
flywheel in the satellite, and applying a reaction torque to the satellite by changing the 
rotational angular velocity of the flywheel is used. For the rolling bearing 10 of the 
flywheel for controlling the attitude of an artificial satellite, in addition to resistance to 
wear and low generation of dust in a vacuum, low torque, keeping change in torque to a 
minimum, and long life are also desired. In order to meet these requirements, there is a 
need to stably supply a minimum amount of lubrication oil to the bearing. 

In this kind of rolling bearing 10, during the time before the lubrication is 
supplied from an external lubrication oil source to the bearing, lubrication is performed 
by a very small amount of lubrication oil. However, during this time, wear occurs to the 
raceway surfaces and the rolling surfaces. Even for small amounts of wear, that wear 
spreads and contamination occurs after long periods of operation in the special 
environment of space, making it difficult to maintain the function of the rolling bearing. 

However, in this embodiment, the entire surfaces of the inner races 1 1 and outer 
races 12 are machined, specifically super-finished, and surface layers 11a, 12a are formed 
over the entire super-finished surfaces of the inner race 1 1 and outer race 12 by 
electrochemically or chemically dissolving the super-finished surfaces, so very little 
contamination occurs. 

By electrochemically or chemically processing the machined, specifically 
super-finished surfaces, it is possible to completely remove minute grinding-burrs, 
super-finish burrs (reef) and sticked abrasive. In doing so, it is possible to do away with 
burrs and reefs falling as the balls 13 roll, and thus it is also possible to prevent the 
occurrence of stamp-shaped indents. 

Moreover, by performing electrochemical or chemical processing in this way, it is 
possible to do away with unevenness of the machined surfaces and create a surface with 
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very small roughness. It is difficult for minute particles to adhere to surfaces with very 
small roughness, so it is possible to easily remove by washing any adhering minute 
particles. This also makes it possible to do away with any minute particles from being 
brought inside the bearing during bearing assembly. 

Fig. 2 shows the rolling bearing 20 of a second embodiment of the invention, hi 
this embodiment, in addition to forming surface layers 11a, 12a over the entire surfaces 
of the inner race 1 1 and outer race 12 by machining the entire surfaces and then 
electrochemically or chemically dissolving the machined surfaces, surface layers 23a are 
also formed over the entire surfaces of the balls 23 by machining the entire surfaces and 
then electrochemically or chemically dissolving the machined surfaces. 

Next, the procedure for manufacturing the rolling bearing of this invention will be 
explained based on Fig. 3(A) which shows the manufacturing procedure for the rolling 
bearing of this invention. Fig. 3(B) shows the manufacturing procedure for a 
conventional rolling bearing. 

As shown in Fig. 3(A), in the manufacturing procedure of this invention, 
composite electrolytic polishing is performed after super-finishing has been performed on 
the grooves. It is preferable that oil be removed using acetone or the like before 
performing composite electrolytic polishing. Even when there is a retaining period 
between the super- finishing process and composite electrolytic polishing process, there is 
no need for special care such as immersion-storing the races (work) in order to prevent 
them from drying. In the composite electrolytic polishing process, composite 
electrolytic polishing is performed for the entire surfaces of the inner and outer races, that 
is the outer-diameter surface, inner-diameter surface, raceway surfaces, seal groove, and 
all chamfered sections. When doing this, it is preferred that the roughness of the 
processed surfaces Rmax be 0.3 fim or less. 

After composite electrolytic polishing, light washing is performed using 
supersonic washing with pure water in order to remove the electrolyte and minute 
particles. It is very difficult for particles to adhere to the surfaces for which the 
composite electrolytic polishing process is performed, and since removal of such particles 
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is simple, the washing time can be reduced to about 1/5 to 1/10 that in the conventional 
process in which the races are washed before assembly. 

Furthermore, since very few particles adhere to the surfaces and there is very little 
contamination inside the bearing after the bearing is assembled, there is no need for 
washing after matching and assembly and it is possible to proceed as is to the process for 
appljdng lubrication oil. 

In the conventional process shown in Fig. 3(B), immediately after super-finishing 
of the grooves, brush washing and supersonic washing is performed to remove the 
grinding fluid and grinding residue. Furthermore, in order to keep particles fi-om getting 
inside the bearing, the races were repeatedly washed with supersonic washing before 
matching and assembly. Then, the assembled bearing is carefully washed again before 
proceeding to the process for applying lubrication oil. 

As can be seen fi-om the above explanation, in the manufacturing procedure of 
this invention shown in Fig. 3(A), the washing process is greatly simplified. 

Example 

A bearing outer race made of SUS440C was prepared and composite electrolytic 
polishing was performed for it. After a suitable amount of particles were made to adhere 
to the surface, the outer race was washed. Washing was performed by immersing the 
outer race in a clean solution and then irradiating it with supersonic waves. After each 
specified interval of supersonic irradiation, the particles having a size of IjLtm or greater 
and that were released into the solution were counted by a particle counter in the solution. 
The surface roughness Rmax of the outer race for which the composite electrolytic 
polishing process was performed was 0.3jLtm for the inner-diameter surface and 
outer-diameter surface, and 0.27/im for the end surfaces. 

As a comparison, a bearing outer race made of SUS440C was prepared without 
composite electrolytic polishing performed for it. After a suitable amount of particles 
were made to adhere to the surface, the outer race was washed and the particles were 
counted. The surface roughness Rmax of the outer race, for which composite 
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electrolytic polishing was not performed, was 0.9/xm for the inner-diameter surface and 
outer-diameter surface, and O.S/im for the end surfaces. 

The results of particle counting are shown in Fig. 4. 

As can be clearly seen from Fig. 4, for the parts that were processed with 
composite electrolytic polishing, the particle count was reduced in a short time, and after 
approximately 15 minutes, the number of particles is reduced nearly to that in the 
solution itself and the particles adhering to the outer race were removed. On the other 
hand, for parts that were not processed with composite electrolytic polishing, it was not 
possible to remove part of the particles from the outer race even after continuous washing 
for a long period of time. 

For parts that were not processed with composite electrolytic polishing, not only 
was it difficult to remove the particles, but also particles that were removed once adhered 
again to the surface, so particles in the solution increased and decreased, and it was not 
possible to reduce the number of particles. On the other hand, for that were processed 
with composite electrolytic polishing, particles were easy to remove and it was difficult 
for particles that had once been removed from the surface to adhere again, so it was 
possible to reduce the number of particles in a short time. 

The present invention is not limited to the embodiments and examples described 
above and can be changed and improved as suitable. For example, it is possible to 
combine the rolling bearing of this invention to form a combination bearing. Also, the 
technological concept of this invention can be appUed to all parts of the bearing unit in 
addition to the races and rolling elements. 

As described above, with this invention it is possible to provide a rolling bearing 
for which contamination is greatly reduced. 
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